Abstract: Th e paper examines the co-movements between the agricultural markets of China and the US. First, the empirical fi ndings indicate that long-term equilibrium exists between the China and US soybean futures markets but not in the wheat futures markets. Second, there exists a signifi cant spillover eff ect from the US to China in the wheat futures market, but the opposite eff ect is not strong; furthermore, for soybean futures, the spillover eff ect is bi-directional. Th ird, there is a unidirectional leading eff ect by the US agricultural futures markets on the Chinese market, particularly for agricultural products weakly controlled by the Chinese government.
The world has been witnessing dramatic increases in both the level and volatility of international agricultural prices in the recent years. The unprecedented price spikes in agricultural commodities during the 2007-2008 food crises, as accompanied by shortages and diminishing agricultural stocks, resulted in a reduced access to food for millions of poor people in a large number of the low income, net food-importing countries. Worse, Egypt, Haiti, Kenya and other countries have suffered political turmoil because of the food shortages. The escalation of several agricultural crop prices, particularly soybean and wheat, and the prevailing high price volatility have all reinforced the global fears regarding volatile food prices. An urgent attention has turned to further examining food price volatility in global markets.
Agricultural production has played an important role in the Chinese history since the ancient times. There is a famous old saying, "Food is the first necessity of the people". As a country with such a large population, an agricultural crisis may occur if we cannot properly address agricultural concerns. Therefore, the issue of agriculture in China is not only an economic problem but also a great political issue. With the development of the China's market-oriented economy, opening the China's agricultural product market to the world is unavoidable. Fortunately, the pricing of agricultural products is set by the market instead of by a government regulation. Furthermore, the Chinese agricultural product market will also experience fluctuations from the international market. Particularly in recent years, the international market and domestic market suffer high fluctuations at the same time, which has a negative effect on the supply and demand of agricultural products.
China and the US are both important countries in the international market. The movement of either of the two markets deeply affects the international market; therefore, the need for understanding the comovement between the China and US futures markets should by no means be underestimated. The Chinese market is completely different compared to the US market. It is highly interesting to compare these two large markets; while China is a net importer, the US are a net exporter. While China is heavily dependent on the soybean imports, in the wheat production, there is a much higher level of self-sufficiency. The following facts motivate our research. First, agricultural prices directly influence the economic basis. The previous research has shown that the price index of farm products has a high correlation with the CPI, and to a certain extent, the farm products price index can predict the CPI. At the same time, price fluctuations will cause unexpected negative influences on the national economy. For instance, Naylor and Falcon (2010) trace the impacts of the international price variability to the local level. As understood, the research on the co-movement of agricultural markets will help the policy makers to improve the macroeconomic policy under the open doi: 10.17221/134/2014-AGRICECON economic conditions. Second, the futures market has replaced the actual market in price discovery. Yang et al. (2001) indicate that futures prices may play a better informational role than cash prices in aggregating the market information, particularly for the commodities traded in the international markets. Studying the linkages of the price of domestic and foreign farm products can help us better understand the connection of price and the impact on the supply and demand of agricultural products. For example, Sekhar (2004) examines the implications of the instability of important agricultural commodities in major Indian and international markets for Indian producers and consumers. Third, investors can create better investment strategies, leading to an effective asset allocation and risk management; for example, Faruqee et al. (2014) conduct this type of research in the Pakistan wheat market. Fourth, the high volatility of the futures market for agricultural products, particularly price, has generally advanced since June 2008, which brings an inflation pressure to macroeconomics. It is important to know whether there is a co-movement between the agricultural futures market of the China and US markets to establish proper macro policies.
In the recent years, the research on linkages among the futures markets has received an increasingly more worldwide attention. Booth and Ciner (1997) investigate the corn futures between the Tokyo Grain Exchange (TGE) and the Chicago Board of Trade (CBT), and they find that the TGE is dependent on the CBT for the information generation. Booth et al. (1998) find that between the US and Canadian wheat futures prices, there is an equilibrium relationship in the long run; the short-run dynamics exhibit no such dependencies. Researchers investigate the linkages among several countries' agricultural markets. For example, Yang et al. (2003) examine the volatility transmission in wheat between the United States, Canada and Europe. Von Ledebur and Schmitz (2009) examine the volatility transmission in corn between the United States, Europe and Brazil. Wang et al. (2011) investigate the long-term and short-term asymmetric effects of the price transmission relations between agricultural futures and the agriculture index in China. However, to our knowledge, the research onto the linkage between China and US agricultural market is limited.
Compared with the previous literature, this paper contributes in the following aspects. First, it provides an in-depth analysis of the return and volatility spillover across the US and China agricultural futures markets. We explore the China and US futures markets' interactions in terms of both first and second moments under a multivariate method. In addition, using the BEKK GARCH method, we can capture the feedback from interrelations among different futures markets; this is important because it is widely accepted that the futures markets' volatilities move together over time across the markets. Second, we divide co-movement into the long-term and shortterm relations, respectively, and discuss the long-term equilibrium relation and the short-term return and the volatility spillover effect, respectively. Studying such a relation could elucidate the openness of the Chinese agricultural futures markets and the nature of the cross-market information transmission. This could also provide important lessons for various market participants, including the commodity traders, hedgers, arbitrageurs, exchanges and regulatory agencies. Finally, we use the latest data and relate the recent occurrences.
METHODOLOGY
This paper explores the co-movement between the international agricultural futures markets. We use the VAR and VECM models to study the short-term and long-term equilibrium between the two futures market; we use the BEKK model to study volatility spillover of the two agricultural futures markets.
VAR model and VECM model
The VAR model is a system regression model that can be regarded as a special simultaneous equation. In this special equation, all variables are endogenous variables. The simplest VAR model is a binary model, which only includes two variables and their own lag items. The form is: Ψ 1τ = β 10 + β 11 Ψ 1τ-1 + … + β 1κ Ψ 1τ-κ + α 11 Ψ 2τ-1 + … + α 1κ Ψ 2τ-κ + υ 1τ
μ it is the term of white noise; the optimal lag can be determined by the information criterion.
To describe the Granger causality estimation, we rewrite the above in the matrix form: An impulse response function is to track the shock response of each variable in Equation (2). We provide one error term of each equation with a unit impact, and observe the situation for every system variable in a period. If the system is stable, the impact will gradually tend to 0, otherwise the impact on the system may cause a continuous effect.
The variance de-composition method is used to describe the relative proportion of different impacts after every variable suffers an impact. Thereafter, the lag items will impact other variables.
For a non-stationary series, the estimation of the relation is more complicated than the VAR. This is because it is possible that a long-term equilibrium relationship exists, but the VAR equations ignore the long-run equilibrium relationship that makes the estimation biased. Therefore, we must add an error correction term for co-integration to the VAR equations. First, we should ensure whether the cointegration exists: (3) where
, d > bε τ represents the correction term of co-integration, which measures the deviation from the long-term equilibrium. To ensure whether the co-integration exists, we convert the VAR equations into their differential form. Next, we obtain
where
This type is also called the Johansen test with the VECM error correction. The Johansen co-integration test has two types: one is an Eigenvalue trace test and the other is a maximum Eigenvalue test. The formula to calculate the trace statistics iŝ
There are five different models for conducting the co-integration test: Model 1, where the series has no certain trend and the co-integration equation has no constant term; Model 2, where the series has no certain trend and the co-integration equation has a constant term; Model 3, where the series has a certain linear trend, but the co-integration equation only has an intercept term; Model 4, where the series and co-integration equation both have a linear trend; and Model 5, where the series has a quadratic trend term and the co-integration equation only has a linear trend term.
Different models lead to different results. Then, which model is the most appropriate one? The present paper is in accordance with Nieh and Lee (2001) by conducting the model selection according to the Pantula principle; because the first model requires neither a constant nor a trend term and the last model contains a quadratic trend term, both of these models are not very widely used in the empirical studies and are thus excluded from this paper. Among models 2, 3 and 4, the most appropriate model is the one that first accepts the null hypothesis that no co-integration relation exists.
BEKK volatility spillover model
Several research studies employ the ARCH or GARCH model to test the volatility of the financial market. In a multivariable time series model, we need to consider the spillover effect in a series also in addition to that among different series. To study the correlation of several return series' fluctuations, the multiple GARCH model is generally applied. If financial markets have a lead-lag relation or a volatility spillover effect, the information contained in a variance-covariance matrix (hereinafter referred to as the covariance matrix) of a residual vector can provide a more accurate parameter estimation. This paper employs the BEKK model, which has the great advantage that the construction ensures the positive definiteness of H t without the need for doi: 10.17221/134/2014-AGRICECON further conditions (Engle and Krone 1995) . The BEKK model is
where ω ij are elements of an N*N upper triangular matrix of constants W; the elements a ij of the N*N matrix A measure the degree of innovation from the market i to market j; and the elements b ij of the N*N matrix B show the persistence in the conditional volatility between the markets i and j. This specification guarantees, by construction, that the covariance matrices are definitely positive e. To be specific, the dual matrix for the BEKK model is Equation (8).
This can be expanded to be Equation (9). The conditional variance matrix H t specified in the expression (9) allows us to examine in detail the direction, magnitude and persistence of the volatility transmission across different markets. The paper employs a likelihood ratio test and the Wald test for matrix elements. If the non-diagonal elements of A 1 and B 1 matrix are 0, there is no direct spillover effect between the two markets, and if the conditional variance of the market 1 is only influenced by its past ARCH terms and GARCH terms, there is no direct spillover effect from the market 2 to market 1. The null hypothesis is: H 0 : β 21 = 0, a 21 = 0 , then the Equation (9) is simplified as follows Equation (10):
DATA AND EMPIRICAL ANALYSIS

Data and descriptive statistics
This paper explores the co-movements between the agricultural futures markets of China and the US. Considering that wheat and soybean occupy a more important position in the foodstuff trade, two types of agricultural futures, wheat and soybean futures, are analysed. In addition, the Chinese government's attitudes towards wheat and soybean are different. The above fact provides us an opportunity to compare the effect of different government attitudes on the correlations. We choose the closing prices of the wheat futures contract in the Zhengzhou Commodity Figure 1 shows that there are no clear co-movements between the prices of wheat futures in China and the US. In March 2008, the price of wheat futures in the US reached the peak and fell thereafter, while in China the price climbed and reached its peak in February 2011. In comparison, it appears that a similar pattern exists between the two prices of soybean futures in Figure 2 . They all reached the peak in June 2008. Therefore, there is a distinguished difference in these two groups of agricultural products.
We obtain the following logarithm return series:
CHN t-1 , US t-1 are the soybean futures prices of China and the US, respectively, at time t -1.
The correlation coefficient between the return of wheat futures in China and the US is 0.11, which is less than 0.28 between that of soybean futures.
From Table 1 , the US wheat agricultural futures markets are more risky than their Chinese counterpart in the terms of standard deviation and extreme values; however, the China soybean is riskier than its US counterpart. We find that the price changes for wheat or soybean futures in the two countries all do not follow the Gaussian distributions. The soybean 
Unit root stationarity test and co-integration test
Adopting the ADF to test stationarity of each series, we obtain the Table 2.
In the Table 2 , t-statistics of all markets are not significant; therefore we accept the null hypothesis, which means that each series is a non-stationary series. We continue to test the stationarity for their first-order log difference series. Table 3 shows that all the t-statistics become significant after the first-order log differential. The null hypothesis that each series has a unit root should be rejected. Therefore, the original series are I (1) process.
After the unit root test, the paper uses the co-integration test to study the long-term relation between the Chinese and US market. Lags are determined when the AIC and SC criteria values are the smallest; if the results of two criteria are inconsistent, the lags that have a larger maximum likelihood value are optimal.
In Table 4 , all three models (model 2, 3, 4) cannot reject the null hypothesis that there is no cointegration relation, strongly confirming that there is no long-term equilibrium relationship between the prices of wheat futures in China and the US.
In Table 5 , three models (model 2, 3, 4) can reject the null hypothesis. The results show that the soybean futures prices of China and the US are co-integrated, and there is a long-term equilibrium relationship between the China and US soybean futures markets.
Further, we obtain the co-integration equation of the soybean futures:
CHN t-1, US t-1 are the soybean futures prices of China and the US, respectively, at time t -1. ECM t is the error term at time t. Therefore, we will use the VAR model to study the two wheat futures market, and adopt the VECM model to analyse the equilibrium relationship between the soybean futures markets.
Return spillover test
For wheat futures, our research is based on the VAR model on the premise that there is no co-integration relation. The VAR models are:
It should be noted that the futures markets of the US and China are not synchronous. When the Chinese futures market finishes down at the day (t), the US futures market remains active. Therefore, we can say the settlement price of the Chinese futures market at the day (t) may influence the US futures market on the same day. However, it is also true that the settlement price of the US futures market at the day (t) can only influence the Chinese futures market the next day (t + 1). We will make adjustments to conduct an empirical test.
Because the Granger causality test is sensitive to the chosen lags, the paper lists all test results with one to four lags.
From Table 6 , all F-values in the first four rows are not significant; therefore, the null hypothesis is not rejected. All F-values in the last four rows are significant, which means the null hypothesis is rejected. Therefore, Table 6 indicates that the price of wheat futures in China is not the Granger cause of the price in US; on the contrary, the price of wheat futures in the US has an impact on that in China in the short run.
As for the soybean futures, we implement the VECM model to test because of the existing co-integration. Additionally, the optimal is 3 according to the SC criterion. Th rough the VECM model, we obtain the following:
From Table 7 , the coefficient of D(US t ), D(CHN t-2 ), is significant, and the coefficients of D(CHN t ), D(US t-1 ) and D(US t-2 ) are both significant. The result of Table   Table 5 We can now conclude that the soybean futures price return in China is affected by that in the US, and the US soybean futures return is affected by that of China.
Volatility spillover test
Solely considering the relation between returns is inadequate. This section will test the relation between the volatility. In equation (9), the variable 1 represents the volatility of Chinese futures; the variable 2 represents the volatility of the US futures. The results are as follows:
From table 8, all α ii and β ii (i = 1, 2) are significant, which shows there is a volatility spillover in each market. From Table 9 , in the wheat market, both α 21 and β 21 are significant at the 1% level; however, α 12 and β 12 are solely significant at the 10% level. Therefore, in the wheat futures market, there exists a significant spillover effect from the US to China, and some spillover effects from China to the US, which is significant only at the 10% level. In the soybean market, α 21 , β 21 , α 12 and β 12 are all significant at the 1% level. Therefore, there is a two-way significant spillover relation between the two markets. This is in accordance with the conclusion drawn above that there are stronger correlations between the two soybeans futures markets than that of the wheat futures markets.
CONCLUSIONS
This paper examines the co-movements between the US and China agricultural markets using the wheat futures and soybean futures as examples. Conclusions are summarized as below:
First, the paper finds that there exists a long-term equilibrium relationship in the soybean futures but not in the wheat futures between the China and US futures market. We believe that a strong government regulation by the Chinese government of the wheat markets is the reason why there is no relation between the domestic agricultural futures and the US. In reality, wheat is the main agricultural product that the Chinese government controls; therefore, there is no equilibrium between the US and China wheat futures. In contrast, there is a significant equilibrium between the soybean futures where the Chinese government controls were weak. Therefore, we believe that the price regulation is one of the main issues affecting equilibriums. Participants in the wheat futures markets recognize that the Chinese government regulations prevent fluctuations originating from foreign countries. The absence of long-term equilibrium in the wheat futures market can be maintained by the premise of effective government regulations. Wheat is one of the important foods in China. Maintaining the independence of wheat prices from international prices is crucial to ensuring the supply and demand of food, maintaining stable prices and maintaining the societal stability. This causes the Chinese wheat prices to be isolated from the US wheat prices. Second, the bi-directional volatility spillover between the China and US's agriculture futures markets exists. The research above demonstrates that a significant spillover effect from the US to China in the wheat futures market exists, but the opposite effect is not strong. For the soybean futures, the spillover effect is bi-directional. The volatility spillover effect is more significant than the return spillover effect.
Third, a unidirectional leading effect of the US agricultural futures markets on the Chinese market exists, particularly to agricultural products that the Chinese government does not strongly control. As the paper mentions above, the Chinese domestic wheat futures market is relatively independent, yet under the government's control. Therefore, it is natural that there is no relation for the wheat futures prices between the China and US markets. However, the soybean futures prices in China and the US are cointegrated, and there is a feedback between the two.
